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To define specific source categories, injection campaigns were designed to reflect the choices made for
parameter boundaries of the astrophysical sources in the catalog paper. The BNS source category included
neutron stars with component masses mi distributed uniformly in lnmi between 1  mi/M�  3.0 such
that the total mass M was less than 6.0M�. The lower mass limit is motivated by a 6� deviation from
masses of components in double neutron star systems [25] while the upper mass limit is motivated by
certain models and observations which allow neutron stars to form up to 3M� [26–30]. Spin vectors for
BNS components were allowed to be isotropic in direction and uniform in magnitude, with a maximum
allowed spin magnitude of 0.4. This maximum magnitude constraint is motivated by observations of the
fastest spinning pulsar with � . 0.4 [31]. The BBH source category included black holes with component
masses distributed uniformly in lnmi between 5  mi/M�  50 such that M  100M�. The lower mass
limit is motivated by the possible existence of a minimum black hole mass [32–34] while the upper mass
limit is motivated by evidence of an upper cuto↵ in the BBH mass spectrum based on the first few LIGO
detections [35–37]. Spin vectors for BBH components were allowed to be isotropic on the sphere with a
maximum allowed spin magnitude of 0.99. The relativistic Kerr bound provides a theoretical constraint on
black hole spin magnitude of 1.0 although we are also constrained by the limit of the waveform approximant.
The NSBH source category included neutron stars with component masses distributed uniformly in lnm1
between 1.0 m1/M�  3.0 and black holes with component masses distributed uniformly in lnm2 between
5.0 m2/M�  100.0. The total mass for the NSBH category was constrained to M  103.0M�. Both the NS
and BH components were allowed to be isotropic on the sphere with maximum allowed spin magnitudes of
0.4 and 0.99, respectively. These mass and spin limits are motivated by the NS and BH observations and
theoretical constraints already mentioned.2
Injections in each source category were distributed uniformly in co-moving volume out to redshift of

0.2 for BNS and NSBH and out to 0.7 for BBH. In order to maximize the number of recoverable injections
included in the injection campaign, an initial cut on expected signal-to-noise ratio less than 3.0 was applied
to exclude injections that would be too far away or in a poor sky location for either of the Hanford or
Livingston detectors. The parameters of these injections were tabulated and stored as unrecoverable.

E. Probability of Astrophysical Origin

From the original, two-component, FGMC counts posterior, one can compute the posterior probability
that an event, with foreground and background distribution values f (x) and b(x), evaluated at the event’s
ranking statistic x, is of astrophysical origin, given the data ~x [11]:

P1(x | ~x) =
Z 1

0
p(⇤0,⇤1 | ~x)

⇤1f (x)
⇤0b(x) +⇤1f (x)

d⇤0d⇤1. (17)

Its complementary quantity is the posterior probability P0(x | ~x) that the same event originated from the
Earth, with P0(x) +P1(x) = 1.
These posterior probabilities can be straightforwardly extended to the case when we have a multi-

component counts posterior. The source-specific foreground distributions of the multi-component posterior
allow one to compute posterior probabilities pertaining to specific astrophysical source categories:

P↵(x|~x) =
Z 1

0
p(⇤0, ~⇤1|~x)

⇤↵K↵(x)

⇤0 + ~⇤1 · ~K(x)
d⇤0d~⇤1. (18)

The complementary terrestrial posterior probability is once again related to the astrophysical probabilities
via P0(x|~x) +

P
↵ P↵(x | ~x) = 1, where ↵ is summed over all astrophysical source categories corresponding to

the multi-component posterior.
Astrophysical probabilities of candidate events are of considerable interest, from the perspective of

following up gravitational wave events with telescopes sensitive to various parts of the electromagnetic
spectrum. For instance, if PBNS were high, the probability that this event would produce an electromagnetic

2 To ensure appropriate coverage of the component mass space, an additional injection set where at least one of the components lies in
the range 3�5M�, was constructed. The masses were distributed uniformly in ln mi , with the other component spanning 1�100M�.
The spins were assumed to be isotropic, with a maximum value of 0.4 for the first component, and 0.99 for the latter.


